Background. Displaced proximal humeral fractures remain a challenge to orthopedic surgeons.
Although comminuted proximal humeral fractures are among the most common fractures in the elderly population, treatment of this injury remains a challenge and is still an issue of debate. The Neer classification is one of the most popular systems for assessing fractures of this kind. No displaced or minimally displaced fractures can be treated conservatively with success. Displaced 2-part, 3-part and 4-part fractures should be treated for reduction and stabilization.
Considerable therapeutic options for these fractures have been described in past years. 1 However, for some elderly osteoporosis patients or more comminuted cases, the stability of percutaneous pinning fixation cannot meet the requirements of fixation and early functional activity. Therefore, compressing inter-fracture fragments is of great importance for restoring post-operative motor function.
Percutaneous annulated screw fixation, first described by Chen et al., was developed specifically for comminuted proximal humeral fractures, and appeared to offer improved fixation intensity of these fractures through the use of multiple annulated compression screws oriented in different directions to maximize the screw compression effects and the resistance to displacement. 2 Although this technique is demanding, it can be very effective for unstable 2-part and 3-part fractures and even some 4-part fractures in patients whose bone quality is not good.
The aim of this study was to evaluate the post-operative outcomes of 26 patients with displaced proximal humeral fractures treated with closed reduction and percutaneous screw fixation (CRPF). The authors reviewed the functional outcomes, radiographic outcomes and complications to investigate the hypothesis that CRPF is an effective therapeutic alternative for unstable proximal humeral fractures.
This was a retrospective clinical study and was approved by the Institutional Review Board of the Fourth Military Medical University and Tangdu Hospital (Xi'an, China). All the participants provided their written informed consent to participate in this study, and the ethics committee approved the consent procedure.
Material and methods

Patients
From May 2009 to April 2013, 38 patients with closed displaced proximal humeral fractures were treated using the CRPF technique at the Department of Orthopedic Surgery, Tangdu Hospital (Xi'an, China). Open reduction and internal fixation (ORIF) treatment was performed when the initial closed reduction failed or the fracture had re-displaced on repeat radiographs taken 5-7 days later. All fractures were stabilized with the percutaneous annulated screw fixation technique by experienced orthopedic surgeons. Out of the 38 patients, 26 were evaluated for their clinical outcomes, and the other 12 patients were excluded: 2 patients changed their address or phone number and could not be contacted, 3 declined participation, 5 suffered closed reduction failure or the fracture had re-displaced and underwent ORIF treatment, and the remaining 2 patients suffered humeral head splitting fractures involving the articular surface, which were not suitable for CRPF treatment. Open fracture injuries were not fit for this therapeutic technique, and were not brought into this study. The 26 participants' general information and fracture types were recorded preoperatively (Table 1) .
Operative planning and surgical technique
The authors' CRPF technique has been described in detail elsewhere but will be reviewed in brief here. 3 All the patients were treated surgically within 2 weeks of the injury (Fig. 1a) . The operations were carried out with the patient in a modified beach-chair or supine position with the involved scapula positioned over the edge of the table. Under general anesthesia or nerve-blocking anesthesia, with fluoroscopic control, closed reduction was realized to obtain good fragment contact and alignment. Guide pins were inserted through the deltoid into the humerus towards the humeral head, or crossing from the greater tubercle to the distal fracture end.
Good fragment alignment and the position of the guide pins were confirmed by fluoroscopic imaging. Then 4.5-mm AO/ASIF annulated compression screws were used for fixation along the guide pins. Three to 4 screws were inserted in each case (Fig. 1b) . After the insertion of the screws for compression fixation, all of the guide pins were extracted, and each incision was closed with number-5 Ethicon sutures.
Post-operatively, the shoulder was passively moved with gradually improved range. In severely comminuted cases, the shoulder was fixed in a shoulder brace for 3-4 weeks, and then shoulder rehabilitation was performed gradually. The patients were examined in the outpatient clinic 
Follow-up
A total of 26 patients participated in the follow-up, which ranged from 9 to 24 months (averaging 12.9 months). The patients Constant scores and American Shoulder and Elbow Surgeons (ASES) scores, along with a visual analog scale (VAS) survey, were registered at the 6-month postoperative follow-up and the subsequent follow-up visits when the patients attended an outpatient clinic.
Chest radiographs to check the post-operative AP and lateral position of the shoulder were taken at week 6, week 12 and every subsequent 6 th week until bony union was achieved. Bone healing was determined by a combination of painless palpation of the shoulder and radiographic evidence of bridging bone on AP and lateral radiographs.
Radiographic studies
All the patients enrolled in the study had accessible, immediate post-operative radiographs. Radiological bony union was determined by the attending surgeon as at least 3 cortical unions. To score the residual deformity, angulation and displacement were considered independently, and each fragment (the humeral head, greater tuberosity and lesser tuberosity) was scored individually. The final score for each case was the sum of the scores allocated to each fragment. An angulation between 20° and 45° was scored as 1 point and > 45° was scored as 2 points. A displacement between 0.5 and 1 cm was scored as 1 point and > 1 cm was scored as 2 points. If the angulation and displacement were lower than 20° and 0.5 cm, respectively, the quality of the reduction was considered excellent and scored as 0 points. 4 Data are expressed as mean ± standard deviation (SD).
Clinical evaluation
Clinical evaluation of the results was done in accordance with the patients' VAS surveys, Constant scores and ASES scores a minimum of 1 year post-operatively.
Pain was assessed with the VAS, with a maximum of 10 points for this evaluation. Physical examination included measurements of the passive and active ranges of motion of the shoulder with a standard goniometer. Care was taken to prevent compensatory trunk movement during the shoulder range-of-motion measurements.
The Constant score is a 100-point scoring system composed of the following parameters: Pain, daily life activities, range of motion and power. Only the active range of motion was considered. The range of motion was measured and compared with the opposite shoulder.
The ASES questionnaire, which was designed by the research committee of the American Shoulder and Elbow Surgeons in 1994, score totals 100 points and allocates 50 points for measuring function and 50 points for pain. The goal of this questionnaire was to develop a standardized method for evaluating shoulder function based entirely on patient self-evaluation.
Statistical analysis
SPSS software (v. 11.0, SPSS Inc., Chicago, USA) was used for the data analysis. Statistical comparisons of the patients' 6-month post-operative functional scores and the final follow-up were done using Student's t-test, with statistical significance set at p < 0.05. Means were compared by use of the Kruskal-Wallis test if the data did not follow a normal distribution. Similarly, comparisons of residual deformity in the post-operative radiographs and the final follow-up were also carried out using Student's t-test. Table 2 , all the fractures were healed after a follow-up ranging from 9 to 24 months (averaging 12.9 months). There were no superficial or deep wound infections, nor were there any nerve palsies after surgery. There was 1 case of varus abnormality, 2 cases of stiffness of the shoulder joint, 2 cases of ischemic osteonecrosis, 1 case of delayed union, 2 cases suffering from migration of at least one screw (screw removal surgery was performed about 6 months post-operatively, and fortunately no migration of fracture fragments was seen), and 4 cases of traumatic arthritis of shoulder joint. 
Results
As shown in
Clinical evaluations of post-operative follow-up
All fractures healed within a post-operative followup period ranging from 9 to 24 months (averaging 12.9 months). The mean interval between the operation and bone union was 14.6 weeks (ranging from 11 to 27 weeks), and the mean time between the operation and fully functional activity was 18.6 weeks (ranging from 15 to 32 weeks). At the final clinical evaluation, shoulder stability was achieved in all the patients, and the mean range of abduction motion was 146.5° (72°-180°) ( Table 3 ).
Radiological evaluations
All cases except for 1 delayed union achieved radiographic union within 3 months. Table 4 shows the degree of residual deformity along with the fracture type according to the Neer classification. No significant differences were observed between the immediate post-operative imaging and the final follow-up imaging.
The statistical analysis demonstrated that the number of fragments displaced in the fracture showed a trend toward correlating with the residual deformity (i.e., the higher the number of fragments, the higher the residual deformity, p < 0.05). This means that the higher the severity of the fracture, the worse the quality of reduction and the higher the residual deformity after surgical treatment.
Post-operative functional evaluations
At the 6-month follow-up, the VAS pain score, the Constant score and the ASES score were respectively 1.72 ± 1.24, 73.6 ± 24.8 and 77.4 ± 20.5. At the final follow-up, these 3 scores were respectively 1.62 ± 0.97, 79.5 ± 24.7 and 80.6 ± 15.3. As shown in Table 5 , there was no significant difference between the 6-month postoperative score and the final follow-up score in any of the 3 scoring systems.
The VAS was used to measure the average daily pain experienced in the shoulder for each patient. For the purposes of the statistical analysis, the patients were divided into 3 groups based on the Neer classification: 2-part, 3-part and 4-part fractures. The mean VAS pain score for each group was 1.46 for 2-part fractures, 1.78 for 3-part fractures, and 1.95 for 4-part fractures. There was no significant difference in this functional evaluation between the 3 fracture types (p > 0.05), or between the 6-month visit and the final follow-up (p > 0.05).
The mean Constant score for the entire group was 73.6. At the 6-month follow-up visit the mean Constant score for the 3 fractures types was 75.5 for 2-part fractures, 73.4 for 3-part fractures and 59.2 for 4-part fractures. There was no significant difference in the mean Constant score for the 3 fracture types between the 6-month follow-up visit and the final follow-up (p > 0.05), but it decreased Table 3 . Clinical data of the 26 cases of comminuted proximal humeral fractures
Details Number
Mean follow-up period 12.9 months (range: 9-24 months)
Mean range of abduction motion 146.5° (range: 72°-180°)
Mean time of bone union 14.6 weeks (range: 11-27 weeks)
Mean time to fully functional activity 18.6 weeks (range: 15-32 weeks) from 79.5 to 60.5 (p < 0.05) with the increase of fracture fragment numbers. The ASES score totals 100 points and allocates 50 points for measuring function and 50 points for pain. The format for this questionnaire has several advantages: It is relatively quick to complete, it is simple to score, it can be administered by telephone or by mail/internet, and it is widely accepted by most researchers. 5 In this study, the mean ASES score was also calculated for the aforementioned 3 fracture types; it was 79.9 for 2-part fractures, 76.2 for 3-part fractures and 66.8 for 4-part fractures. The mean ASES score improved from 77.4 to 80.6 (p > 0.05) between the 6-month follow-up and the final evaluation.
Discussion
Displaced proximal humeral fractures remain a challenge to orthopedic surgeons, usually resulting in malunion and ischemic osteonecrosis from conservative management or poor shoulder function due to aggressive impairment. In conservative treatment, using an external brace often causes permanent joint stiffness because of the restriction of early functional motion. At the same time, traditional ORIF with insertion of a buttress plate through a curve incision usually requires extensive stripping of the complicated soft tissue, including the pectoralis major insertion, caput longum musculi bicipitis brachii, and even the subscapularis muscle, which can often lead to devascularization of fracture fragments, permanent joint stiffness and increased risks of infection and nonunion.
Recently, the CRPF technique has gained popularity due to improved rigidness, compared with traditional conservative treatment or closed reduction and percutaneous pinning (CRPP) fixation. The compression of fracture fragments from the screw thread provides better fixation intensity, which consequently improves the healing rate, shortens the healing time and decreases ischemic osteonecrosis of the head of the humerus. Based on the results of this paper, for nearly 60% of the patients post-operative immobilized time is no more than 2 weeks, and for more than 80% percent of the patients immobilized time is 3 weeks or under. The main purpose of immobilization is to eliminate post-operative swelling of soft tissue, promote muscle healing and to provide sufficient time for the formation of primary bone callus between the fracture fragments, all of which are requisite conditions for achieving fully functional activity post-operatively. The main treatment goals in proximal humeral fractures are to restore the joint stability, congruity and alignment with minimal soft tissue dissection to allow early joint motion and good shoulder function. As a typical minimally invasive surgical technique, CRPF shows considerable advantages in minimizing soft tissue injury and enabling the patients to perform functional activities much earlier.
Soft tissue preservation is also a very critical issue in the treatment of comminuted proximal humeral fractures, because such a surgical approach with inadequate exposure often involves some important soft tissue injury, such as the axillary nerve, radial nerve, axillary vessels and rotator cuff. [6] [7] [8] When percutaneous techniques are used, knowledge of anatomy is very important. Otherwise, even when percutaneous guide pins are inserted, the adjacent neurovascular bundle is susceptible to injury by the guide pins. The guide pins on the lateral cortex should be placed in a safe zone that avoids both the radial and axillary nerves. The radial nerve is relatively safe if the guide pins are kept above the deltoid insertion. The axillary nerve is located an average of 5 cm distal to the acromion; however, it may take a more variable path, particularly the anterior branches. 9 When placing screws through the deltoid, a protective sleeve should be used to decrease the risk of nerve injury. It is also important to ensure that humeral retroversion averages 19°, and percutaneous guide pins or screws must be directed posteromedially to achieve this angle.
In the authors' experience, CRPP is rather a demanding surgical technique. First, it is not very easy to achieve acceptable reduction using indirect reduction techniques. If acceptable alignment cannot be achieved, the technique should be abandoned in favor of a more traditional open reduction. 10 Poor bone quality and fracture comminuting are relative contraindications to this technique. Also, the patients must be cooperative and able to comply with the post-operative protocol and rehabilitation. Therefore, careful patient selection is recommended, as well as close follow-up in the first 4 weeks after surgery to minimize loss of reduction and fixation. This study also focused on possible operative risks and post-operative complications. The 1 st risk is that CRPF is truly technically demanding, and during the operation process, surgeons are exposed to radiation, and may need to try more than once to select very suitable annulated lag screws after the closed reduction and temporary guide pin fixation have been achieved. Of course, the process of placing screws should also be done very carefully, since improper fixing of fragile fragments can lead to further comminuting. Removal of the screws after facture healing is achieved is also quite a difficult process because the percutaneous incisions are usually small and the deltoid muscle is rather strong. The removal operation often requires a longer incision than the therapeutic process; just as everything in the world has 2 sides, a minimally invasive surgical technique will inevitably entail more difficulties during internal fixation removal.
